Introduction
Currently, COPD is the ninth leading cause of mortality worldwide accounting for more than 3% of total deaths. 1 Patients with COPD have a threefold increased risk of overall death and a twofold increased risk of cardiovascular death and morbidity compared with those without COPD. 2, 3 Patients with COPD are susceptible not only to pulmonary, musculoskeletal, and psychological morbidities, but also undergo higher hospitalization, and live a poor quality of life. 4 Given the substantial burden of disease globally, management of COPD is an important public health issue.
The Global Initiative for Chronic Obstructive Lung Disease (GOLD) guidelines recommend that bronchodilators medications are the mainstay for management of COPD, which could be administered via inhaled or oral routes. 4 In terms of effectiveness and safety profiles, inhaled bronchodilators are preferred to oral bronchodilators. Furthermore, inhaled long-acting bronchodilators are more convenient and more effective than the inhaled short-acting bronchodilators. Several investigators have explored the use of bronchodilators in patients with COPD in real clinical settings and compared the adherence to the guidelines, which showed variations across geographic areas and with time. [5] [6] [7] [8] [9] [10] [11] Moreover, previous research indicated that health care providers have apparent impacts on the patterns of care for a variety of diseases, including COPD. [12] [13] [14] COPD also carries a major socioeconomic burden in Asia, with an overall estimated prevalence of 6.3% across nine Asia-Pacific territories. 11 However, few studies have addressed appropriateness of pharmaceutical care in these areas. In order to identify and analyze the potential problems in bronchodilator utilization, and to improve the optimal quality of drug therapy in Taiwan, we conducted a population-based study to assess the prescribing patterns of bronchodilators, evaluated the change with time and in different health care providers, and examined the inconsistency with the GOLD guidelines recommendations. 
Methods

Data source and source population
study population
From the source population, we identified patients who initiated oral or inhaled bronchodilators in outpatient visits between January 1, 2001 and December 31, 2010. We did not include prescriptions in the hospitalization periods given that bronchodilators (especially oral and inhaled, short-acting forms) may be prescribed for acute, unspecific respiratory conditions other than COPD in the inpatient settings. The oral bronchodilators included beta-2 agonists and xanthines. The inhaled bronchodilators included short-acting beta-2 agonists (SABAs), short-acting muscarinic antagonists (SAMAs), long-acting beta-2 agonists (LABAs), fixed dose combinations of LABA and inhaled corticosteroids (LABA/ICS FDCs), and long-acting muscarinic antagonists (LAMAs). The Anatomical Therapeutic Chemical classification system codes for individual medications are listed in Table S1 . Initiation was defined as being free from any prescription of oral or inhaled bronchodilators 1 year prior to the first prescription (ie, the index dates). Exclusion criteria included 1) patients less than 18 years or more than 100 years of age, and 2) patients who did not have continuous insurance coverage 1 year before drug initiation, defined as a lack of inpatient or outpatient visits 1 year before the index dates. Patients with COPD were identified with any corresponding diagnoses in the inpatient and outpatient visits 1 year before or on the index dates (International Classification of Diseases, 9th Revision, Clinical modification [ICD-9-CM] codes 491, 492, 496). Patients concurrently having COPD and asthma diagnoses (ICD-9-CM code 493) were excluded from the study. To minimize coding errors in COPD diagnoses, we further restricted the analyses to those receiving pulmonary function tests between 1 year before and 1 year after the bronchodilator initiation. Patient comorbidities were ascertained based on inpatient and outpatient diagnosis record files within 1 year before the index dates (ICD-9-CM codes for comorbidity identification are provided in Table S2 ). Resource utilization was also calculated based on the records of hospital admissions and outpatient visits within 1 year before the index date.
Medication exposure
We followed the patients for 1 year from the index dates. We calculated the number of bronchodilator prescriptions during this study period and classified bronchodilator treatments according to medication classes and regimens (oral bronchodilators alone, oral and inhaled bronchodilators in combination, or inhaled bronchodilators alone). For inhaled bronchodilator prescriptions, which included at least one inhaled bronchodilator in one prescription, we further classified the treatments as short-acting bronchodilators alone, short-acting and long-acting bronchodilators in combination, or long-acting bronchodilators alone. In addition, we classified inhaled bronchodilators as different device types, including nebulizers, meter-dose inhalers, and dry-powder inhalers.
statistical analysis
For the study cohort, we tabulated the distribution of demographic characteristics at baseline. We calculated the proportion of prescriptions belonging to a particular 
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Bronchodilator use in patients with COPD medication class or regimen during the study period. For oral bronchodilator-based regimens, we explored the accompanying respiratory diagnoses and calculated the cumulative prescribed durations. To examine the potential variation in the prescribing patterns with time and health care providers, the prescriptions were stratified based on the years of index dates (2001-2003, 2004-2006, and 2007-2010) , physician specialists (chest, internal medicine, family medicine, and others), and hospital accreditation levels (medical centers, metropolitan hospitals, district hospitals, or primary care clinics). The Cochran-Armitage trend test was applied to assess whether there was a significant, temporal trend for oral bronchodilators and inhaled bronchodilators, respectively. We finally calculated number of prescriptions for different bronchodilators per individual, which served as an indicator of adherence. We also evaluated the relation between bronchodilator use and hospitalizations during the 1-year follow-up using a multivariate logistic regression model with other patients' characteristics, including age, sex, index years, and comorbidities and resource utilization at baseline. We estimated the adjusted odds ratio (OR) with 95% confidence intervals (CIs). All the statistical analyses were carried out using SAS 9.3 (SAS Institute Inc., Cary, NC, USA).
Results
The eligible cohort comprised 4,387 patients with COPD who initiated bronchodilators (Figure 1 ). The demographic characteristics of these bronchodilator initiators are summarized in Table 1 . The initiators had a mean (SD) age of 61.18 (15.86) years, with 73.03% of males and common 
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Dong et al cardiovascular comorbidities. There were 27.42% of initiators experiencing hospitalization, and the mean (SD) number of outpatient visits due to any causes were 24.38 (18.83). The most frequently prescribed bronchodilators on the index date were oral xanthines (61.36% of initiators) and beta-2 agonists (46.68%); these frequencies were substantially higher than those of the inhaled bronchodilators, including SABAs (11.06%), SAMAs (9.30%), LABA/ICS FDCs (1.89%), LAMAs (1.23%), and LABAs (0.50%).
As shown in Table 2 , there were 21,235 bronchodilator prescriptions during the 1-year follow-up period. Use of oral xanthines and beta-2 agonists accounted for 62.63% and 47.54% of the prescriptions, respectively, which remained substantially higher than any use of inhaled bronchodilators.
SABAs and SAMAs were the most commonly used inhaled bronchodilators, making up 9.84% and 8.78% of the proportions, individually. There was an approximate two-to threefold increase in the use of LABAs, LABA-ICS FDCs, and LAMAs during the follow-up period compared with initiation; however, all the proportions remained less than 5%. Notably, 88.61% and 80.79% of the prescriptions were oral bronchodilator based and oral bronchodilator alone regimens, respectively. Among the oral bronchodilator-based regimens (19,657 prescriptions) , the most commonly accompanying respiratory diagnosis was COPD (60.48%), followed by acute upper respiratory infection (20.25%) and pneumonia (4.47%). The mean (SD) cumulative prescribed durations for oral bronchodilator-based regimens were 64.88 (SD: 92.31) days per patient within 1 year. Among 4,096 inhaled bronchodilator prescriptions, 61.62% were short-acting bronchodilator alone regimens and 55.44% were delivered via metered-dose inhalers (Table S3 ).
The It was noted that the prescribing patterns apparently differed among physician specialists. Non-chest specialists, including family medicine, internal medicine, and others (mainly otolaryngology), prescribed more oral beta-2 
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Bronchodilator use in patients with COPD agonists, but fewer xanthines and inhaled bronchodilators when compared with the chest specialists. Non-chest specialists were also more likely to prescribe oral bronchodilator alone regimens and short-acting bronchodilator alone regimens than chest specialists (Table 3 ). In terms of hospital accreditation levels, physicians in primary care clinics were most likely to prescribe oral beta-2 agonists, followed by physicians in district hospitals, in metropolitan hospitals, and in medical centers. In contrast, physicians in primary care clinics are least likely to prescribe oral xanthines and inhaled bronchodilators, followed by physicians in district hospitals, in metropolitan hospitals, and in medical centers. In line with the prescribing patterns of individual medication classes, use of oral bronchodilator alone regimens and shortacting bronchodilator alone regimens was most prevalent in primary care clinics, and declined with the increase of hospital accreditation levels (Table 4) .
On average, patients (Table S4) .
Discussion
This study suggests that, in the management of COPD patients in Taiwan, the vast majority of prescriptions were oral rather than inhaled bronchodilators, and monotherapy of oral bronchodilators dominated all the treatments during the 1-year follow-up period. Use of oral bronchodilators declined with time and varied with health care providers, and were most commonly prescribed by the non-chest specialists and in primary care clinics. These findings imply that additional strategies should be employed to improve clinical practice in the management of patients with COPD.
Use of bronchodilators has been noted to follow various patterns across countries and with time. A US research, using the Veteran Affairs administrative data of 1999-2003, demonstrated that SABA and SAMA were the most frequently prescribed bronchodilators, which were used by 80% and 70% of COPD patients, respectively. 5 Two research studies conducted in the Netherlands and Italy (using hospital-based data of 2005-2009 and 2009, respectively) indicated that LAMA and LABA/ICS FDC were the most prevalent bronchodilators, with more than 60% of COPD patients receiving either drug. 6, 7 All of these aforementioned studies showed that oral bronchodilators would not be the central treatment, with less than 30% of COPD patients taking xanthines. [6] [7] [8] [9] [10] In contrast, one population survey study conducted in nine Asia-Pacific territories in 2012 noted that oral treatment was the major 
1775
Bronchodilator use in patients with COPD type of pharmaceutical care. Among 4,289 COPD patients, around 65% and 35% of individuals used oral dosage forms and inhaled devices, respectively.
11 Similar to these findings, our results addressed a potentially excessive use of oral xanthines and beta-2 agonists (60% and 50% of the bronchodilator prescriptions, respectively). In terms of monotherapy of oral bronchodilators, the proportions were even nearly 80%, although the figures decreased with time.
We proposed several factors to explain these observations. First, oral bronchodilators are less expensive. For example, in Taiwan, oral salbutamol costs less than 0.05 US dollars per 2-4 mg per tablet. However, inhaled salbutamol and salmeterol cost at least 0.2 US dollars per 100 mcg and per 25 mcg per puff, respectively. The Asian Pacific COPD Roundtable Group, a taskforce of expert respirologists from the Asia-Pacific region, has also found that physicians may consider oral bronchodilators as an alternative to inhaled treatments in some Asia-Pacific settings, due to the price issue. 15 Second, although all of the bronchodilators are reimbursed by the National Health Insurance program, regardless of administered routes in Taiwan, given the cost consideration, use of inhaled bronchodilators rather than oral ones usually requires more clinical evidence including pulmonary function tests to ensure the appropriate indication. However, for those with difficulties or reluctance to have pulmonary function tests, this may be a partial barrier for them to receive inhaled medications. Third, in terms of skills and time needed to take an oral pill and take an inhaled dose, patients may prefer oral rather than inhaled forms. 16 One study demonstrated that patients had better adherence to oral theophylline than inhaled anti-inflammatory medications. 17 Also, the use of inhaled bronchodilators requires additional device education for clinical physicians. For management of COPD, the adequate use of inhaled medications would be beneficial to clinical outcomes and medical resource utilization. 4 Sincere and determined efforts are necessary to improve prescribing patterns of bronchodilators.
Besides geographical differences, economic considerations, and patients' compliance, research indicated that type of health care providers has a substantial impact on patterns of care in a variety of diseases, including COPD. [12] [13] [14] In view of appropriate use of inhaled short-acting and long-acting bronchodilators for patients with different severity, two research studies demonstrated that non-chest specialists (including internal medicine, family medicine, and primary care) are less likely to adhere to the GOLD guidelines recommendations when compared with the chest specialists. 13, 14 In our study, use of oral bronchodilator alone regimens was more common in non-chest specialists than in chest specialists. Also, the proportions were highest in the primary care clinics and declined with the increase of hospital accreditation levels. All these findings agreed with previous reports which found that primary care physicians may have less familiarity with and less awareness of the treatment principles in the guidelines when compared with chest specialists. 14, 18, 19 For physicians with poor adherence to GOLD guidelines, our results suggest to develop specific strategies and education programs in the future.
Despite limited use of inhaled bronchodilators, we observed an apparent temporal trend in the use of long-acting bronchodilators. There was an increasing use of LAMAs and LABA-ICS FDCs but a decreasing use of LABAs. These data are consistent with drug development histories and changes in global manufacturing market shares. 20, 21 These data are also parallel with approval years of inhaled longacting bronchodilators in Taiwan (LABAs, 1996; LABA-ICS FDCs, 2001; LAMAs, 2003; Table S1 ). In addition, our study found that nearly 60% of inhaled bronchodilator prescriptions were short-acting bronchodilator alone regimens during the 1-year follow-up period. The GOLD guidelines recommend that monotherapy of short-acting bronchodilators is only indicated for patients with mild symptoms (ie, Group A patients). 4 Due to lack of pulmonary function data, we could not definitively determine the appropriateness of their use. However, proportions of patients hospitalized and mean (SD) number of outpatient visits due to COPD episodes at baseline were approximately 6.86% and 1.05% (2.49), which suggested that disease severity of most patients may be mild in this study. Given that COPD is characteristic of progressive and irreversible airflow limitation with time, physicians should prospectively evaluate the episode frequency, the disease severity, and the necessity of using long-acting bronchodilators as an alternative or add-on therapy in the long-term follow-up.
Suboptimal adherence to bronchodilators, including oral and inhaled formulations, has been noted in COPD patients. 22 Furthermore, several studies indicated that use of oral or inhaled short-acting bronchodilators may not be beneficial to health-related outcomes; 23, 24 however, use of inhaled long-acting bronchodilators with better adherence would reduce hospitalization. 25, 26 Similar to these findings, our study observed that patients received around only five bronchodilator prescriptions per year in outpatient settings, most of which were oral bronchodilators rather than inhaled forms. Furthermore, we found that with the increasing use of oral or inhaled short-acting bronchodilators rather than inhaled long-acting ones, the relative risk of hospitalization was slightly higher during the 1-year follow-up. This, again, reflects the importance of appropriate use of inhaled longacting bronchodilators and the necessity to improve COPD pharmaceutical care in Taiwan.
There are several limitations in this study. First, the lack of accuracy in diagnostic codes is a drawback of all claimsbased research. To address this issue, we restricted patients with COPD to those who simultaneously had corresponding diagnostic codes, prescription records of bronchodilators, and records of pulmonary function tests. This may partially minimize the possibility of coding errors or misdiagnoses, although we did not know the results of pulmonary function tests and did not exclude alternative diagnoses to COPD. Second, our study noted that among 23,396 patients initiating bronchodilators and with COPD diagnoses, only 4,387 patients (less than 20%) received pulmonary function tests and were eligible in the analysis (Figure 1 ). This implied a potential underuse of pulmonary function tests; this has also been observed in the United States and Canada (less than 50%). 27, 28 This would result in the inclusion of fewer potentially eligible individuals and limit the generalizability of this study. Furthermore, as per discussion, we had no pulmonary function test results from claims records. Instead, we applied resource utilization related to COPD episodes as a proxy to classify patients' diseases severity, which provided partial information to evaluate the appropriateness of the use of bronchodilators. 29 Finally, we traced initiation claims records only for 1 year, which decreased heterogeneities and temporal fluctuations of disease severity among study individuals. However, long-term prescribing patterns should be explored in the further studies.
Conclusion
This study showed excessive use of oral bronchodilators in Taiwan during the past decades, which was not suggested in the guidelines recommendations. Further research is warranted to decrease inadequate oral bronchodilators and optimize inhaled treatments in management of patients with COPD.
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